Supplementary Figure 8. Putative model for step measurements of dynein motors under load. (Top row)
When load is applied from the tail, the leading head bears a larger fraction of the load and is inhibited from taking an additional step. When the heads are not located side-byside, the load is mainly resisted by the leading head's linker. A step taken by the trailing head does not significantly change the position of the tail attachment point (black dot) under tension because of the high compliance of the tail in at low and intermediate tensions. Only the steps when either of the heads advances the leading position are detectable in this geometry (detectable step represented with Δx; see Methods for a discussion of spatiotemporal constraints on step detection). (Bottom row) In a head-tethered trapping geometry, the tethered head likely remains in the trailing position and is assisted by the leading head via linker tension. Only the tethered head's steps are resolvable in this experiment. As a consequence, the trap generally detects steps of only one of the heads in both head-and tail-tethered assays, leading to the observed similarities between measured stepping rates and sizes.
Supplementary Note 1
Here, we present the derivation of the force-velocity (F-V) relation for a one-state motor model with force dependence in both the forward and backward stepping rates.
We start with the basic equation relating the forward and backward stepping rates of a one-state motor 1 :
⁄ , (1) where f is the external load on the motor, is the force-dependent forward stepping rate, is the force-dependent backward stepping rate, is the free energy from ATP hydrolysis biasing the motor to step forward, L is the step size, k is the Boltzmann constant, and T is the temperature.
We now assign variable force dependence to and , introducing the dimensionless parameters a and b:
Where and are the constant forward and backward stepping rates in unloaded conditions. Substituting equations (2) and (3) into (1), we obtain
Because both the exponents and preexponents must be equal for all f for the equality above to hold, it follows that ⁄ (5) and
. (6) Now, to obtain an expression for the velocity of the motor as a function of force, we note that the velocity is just the difference between the forward and backward stepping rates multiplied by the step size:
. (7) Substituting (2), (3), (5), and (6) and rearranging, we get the following expression for the F-V relation:
